Minimum exposure times under nutrient rich and nutrient poor conditions were estimated to be 3 and 27 days respectively for 20 phosphate and 1 and 7 days respectively for nitrate. The influence of the environmental variables pH (5-9), temperature (7-21 º C) and turbulence (50-400 rpm) on sampling rates investigated. Temperature was found to have a significant influence on uptake rates for both anions, while pH influenced phosphate only. Water 25 turbulence did not influence the uptake rates under the studied conditions. A series of field studies was conducted at a municipal wastewater treatment plant. Results for the passive sampler were lower than concentrations obtained using conventional measurement methods, due to methodological differences, and 30 biofouling was found to affect the results for sampling periods over 3 days. This study shows that passive sampling can be used to monitor nitrate and phosphate concentrations in aqueous media. The approach provides an interesting alternative to grab sampling as it yields time-averaged concentrations of the 35 analytes.
biological production in aquatic ecosystems. In pristine freshwater bodies phosphorus is often the limiting nutrient, and the excessive release of both phosphorus and nitrogen species from agriculture and domestic wastewater can lead to the eutrophication of lakes and watercourses 1 . 45 Efforts to achieve a good water quality status, such as the EU 21 .
Sampling principle
The working principle of the Chemcatcher passive sampler is based on Fick's first law of diffusion as the affinity of the sorbent 110 for the analyte is sufficiently high to maintain a zero concentration at the surface of the receiving phase (Equation 1) 22 . Equation 1 where m is the rate of transfer (g s -1 ) of analyte across the diffusion limiting membrane, P is the permeability coefficient It follows that it is also possible to determine the sampling rate 
Disk activation and elution
The Anion-SR disks (the receiving phase) were placed in a 135 vacuum filtering system and then conditioned by addition of HPLC-grade methanol (15 mL) allowing the disk to soak for 60 seconds. Subesquently vacuum was applied until methanol was almost drawn through the disk, at which point 2 aliquots of 15 mL de-ionized water (grade I reagent water, >18MΩ) were added 140 to wash the receiving disk.
The conditioned Anion-SR disk (no. 4 in figure 1 ) was placed over the supporting disk (2), followed by a diffusion limiting membrane (5) was placed over the conditioned disk. The supporting disk was then placed on the sampler body (1) from a stock solution reservoir. The pH was adjusted batch-wise in the water reservoir through drop-wise addition of 1M NaOH.
The passive samplers were collected after exposure and the accumulated amounts of nitrate and phosphate were determined 230 using the methodology described in the analytical section.
Selectivity experiment
In order to assess the passive sampler selectivity a validation study was conducted in the laboratory using effluent water collected at the waste water treatment plant (WWTP). A total of 235 nine passive samplers were exposed in a 25 liter tank for three days. The whole volume was thoroughly stirred using an overhead propeller stirrer and the temperature was kept at 20° C throughout the experiment.
Three passive samplers were removed from the tank at intervals 240 of approximately 24 hours. The receiving disks were then extracted and the extract was analyzed for nitrate and phosphate using ion chromatography and ICP-MS respectively.
Samples of the bulk water from the tank were also collected and analyzed for nitrate and phosphate concentrations using . Three data points in the nitrate curve has been omitted as they were either under the quantification limit or due to peak interference.
Influence of external parameters
In previous studies performed on Chemcatcher, temperature, pH and turbulence were the parameters that significantly influenced 295 the uptake rate for metals and organics 29, 30 . The effect of variations in temperature, turbulence and pH on uptake on the passive sampler was assessed for NO 3 -and HPO 4 2-using a previously reported experimental setup 31 . The results were summarized for the different conditions and presented in Table 1 . confidence level), while variance attributed to turbulence was very low and therefore was considered to be of small significance for the uptake rate (see Table 2 and Table 3 ). Table 3 ).
The pH influence on the uptake rates was found to depend on pH within ranges perceivably found in treated effluents and natural waters, in contrast to what has been observed and reported for 335 passive samplers with a receiving phase based on metal oxide 10, 11, 16 . The importance of pH in the present study was expected, especially for the phosphates, and can be directly attributed to the pH dependence of the equilibrium species of phosphate (HPO in the parameter variation results, showing the variation due to temperature on nitrate uptake (top) and variation due to pH on phosphate uptake (bottom). It should be noted that some variance remained unaccounted for in this experiment and is represented as the residuals category.
360
This can be explained through methodological and analytical error, but there might also be other parameters/factors that influence the uptake characteristics for the sampler system that were not identified in the present study. This was in agreement with the assumption that the anionic 380 exchange disk that acts as the receiving phase for the passive sampler binds favorably to the ionic species (NO 3 -and HPO 4 2-) determined by the ion chromatographic method.
Selectivity validation experiment
Furthermore, the visual biofouling in the laboratory experiments were negligible, compared to the field deployment described 385 below.
Laboratory deployment
The minimum deployment time was determined in the laboratory for two scenarios representing nutrient poor and nutrient rich environments according to Swedish EPA guidelines for drinking 390 water and a US EPA report on nutrients 35 . 
Field deployment
The passive sampler was deployed at the local wastewater 
Conclusions
Chemcatcher, a passive sampler previously used for the sampling of metals and organic compounds in aqueous media, has been to be affected by biological growth on the disks, with the biofilm competing for the analytes and inhibiting diffusion to the sampler 38 . Biofouldig could potentially be inhibited by the use of a biocide 39 
